Tumor necrosis factor (TNF) inhibitors are widely used biologics for the treatment of several chronic inflammatory diseases. The launch of anti-TNF biosimilars has introduced the possibility of non-medical switching between originator biologics and their biosimilars. However, the potential clinical and patient-reported consequences of non-medical switching remain largely unknown, as much of the evidence comes from poorly or uncontrolled realworld evidence (RWE) studies that often have an element of bias and nonstandardized outcome measures. To appropriately evaluate the safety, efficacy, and immunogenicity of nonmedical switching from an originator to its biosimilar, we propose that seven key study design elements should be considered when Enhanced digital features To view enhanced digital features for this article go to https://doi.org/10.6084/ m9.figshare.6507722.
assessing the existing evidence: studies should be (1) randomized and double-blind, (2) adequately controlled, and (3) adequately powered; include (4) multiple switching, (5) an assessment of immunogenicity, and (6) adequate follow-up duration; and (7) report individual patient-level outcomes. This systematic review assessed the robustness and consistency of the current non-medical switching evidence, with a focus on TNF inhibitors. A comprehensive literature search (January 2012-February 2018) identified 98 publications corresponding to 91 studies (17 randomized controlled trials and 74 RWE studies) describing non-medical switching from a TNF inhibitor originator to its biosimilar. When assessing the totality of this evidence, none of the non-medical switching studies conducted to date were found to use all seven of the key design elements, and the absence of these elements dilutes the robustness of the data. Furthermore, discontinuation rates varied widely among studies (0-87%), suggesting heterogeneity and inconclusiveness of the current efficacy, safety, and immunogenicity evidence, particularly at an individual patient level. Therefore, patients should not be indiscriminately switched from an originator TNF inhibitor to its biosimilar for non-medical reasons. Switching decisions should remain between the treating physicians and their patients and be made on a case-by-case basis, relying upon robust scientific evidence. Funding: AbbVie.
INTRODUCTION
Tumor necrosis factor (TNF) inhibitors are widely used biologics employed in the treatment of immune-mediated inflammatory diseases (IMIDs) such as rheumatoid arthritis (RA), inflammatory bowel disease (IBD), and psoriasis (Ps) [1] . The launch of anti-TNF biosimilars is expected to provide cost savings and add to the economic sustainability of the healthcare system [2, 3] . Consequently, some payers and formulary decision makers in certain geographic regions are supporting practice of non-medical switching between originator products and their biosimilars [2] [3] [4] . Non-medical switching occurs when a patient whose current therapy is effective and well tolerated is switched between therapies, such as from an originator TNF inhibitor to its biosimilar, for economic or other non-medical reasons [3, 5, 6] .
A biosimilar is a biologic product approved based on the totality of evidence demonstrating that it is highly similar to an approved biologic product (called the ''originator'' or ''reference product'') in terms of quality (i.e., physicochemical and biologic properties) and clinical efficacy and safety [7, 8] . Because biosimilars have many specific and unique considerations related to regulatory approval, specific guidelines for biosimilars have been developed by relevant authorities such as the European Medicines Agency (EMA), US Food and Drug Administration (FDA), and World Health Organization (WHO; Table 1) [7] [8] [9] . Although the various guidelines differ somewhat, all suggest a step-wise approach to demonstrate biosimilarity with an originator.
In the USA, a biosimilar can also receive a further designation of interchangeability. An interchangeable product is required to meet additional requirements that go beyond biosimilarity to demonstrate that it is expected to produce the same clinical result as the originator product in any given patient and, for products that are administered more than once, that no risks exist in terms of safety or decreased efficacy when alternating or switching between the originator and biosimilar products [10] . To date, no biosimilar has been designated as interchangeable [11] . Although the FDA designation of interchangeability provides assurance that a product is safe for substitution, individual US states are expected to legislate their own policies on automatic substitution [12] . In contrast, the EMA has no remit to formally designate two products as interchangeable and instead allows each member country to determine its own policies [13] .
As mentioned above, the launch of biosimilars has introduced the possibility for nonmedical switching between originator biologic products and their biosimilars, and this process has already been adopted or is being evaluated in several countries [14] [15] [16] [17] . However, to properly evaluate the safety and efficacy of nonmedical switching between an originator product and its biosimilar, we propose seven key study design elements that should be considered when assessing the existing evidence ( Table 2 ). Comprehensive non-medical switching studies should be (1) randomized and double-blind, (2) adequately controlled, and (3) adequately powered with (4) multiple switching, including (5) an assessment of immunogenicity and (6) an adequate follow-up, and (7) report individual patient-level outcomes [3, [18] [19] [20] . The importance of each key study design element is detailed in Table 2 . These elements are derived from the key evidentiary standards for an interchangeable product as per the definition adopted by the FDA [10] . As of 14 February 2018, nine TNF inhibitor biosimilars have been approved by the EMA [21] and six by the FDA [11] (Table S1 ). Since their A biologic medicinal product that contains a version of the active substance of an already authorized original biologic medicinal product FDA [8] A biologic product that is highly similar to the originator product, notwithstanding minor differences in clinically inactive components, and with no clinically meaningful differences between the biologic product and the reference product in terms of safety, purity, and potency WHO [9] A biotherapeutic product that is similar in terms of quality, safety, and efficacy to an already licensed reference biotherapeutic product EMA European Medicines Agency, FDA US Food and Drug Administration, WHO World Health Organization Table 2 Design elements for a switching study [3, 10, [18] [19] [20] 
Element Reason
Randomized, double-blind trial
Ensures comparison between homogenous populations and reduces/controls bias

Adequately controlled
Allows the measurement of the impact of a single intervention that differs between study arms Adequately powered Allows for statistically supported inference of outcomes to the universe represented in the study population
Multiple switches
May elicit a prime boost response when the subject is exposed to different sets of epitopes (antigenic determinants)
Immunogenicityrelated outcomes
Potential pathophysiologic and clinical response to ' 'prime boost' ' effect from alternation Adequate follow-up Allows for the detection of lateonset, low-frequency immunogenicity
Individual patientlevel outcomes
Allows for the study to apply to ' 'any given patient' '
For a non-medical switching study, switching is defined as when a prescriber exchanges one medicine for another medicine with the same therapeutic intent [123] . In contrast, automatic substitution is the practice of dispensing one medicine in place of another equivalent and interchangeable medicine at the pharmacy level (also known as pharmacy-level substitution) without consulting the prescriber [124] approval, numerous non-medical switching studies have been conducted with the intent to demonstrate safety and efficacy of switching from an originator to its biosimilar. However, these studies vary greatly not only in their study designs, but also in their results. The objective of this systematic review was to assess the robustness and conclusiveness of the current evidence on non-medical switching from an originator to its biosimilar with a focus on TNF inhibitors. All identified randomized controlled trials (RCTs) and real-world evidence (RWE) studies were assessed for (1) robustness of data, based on whether they fulfilled the seven key study design elements described above, and (2) consistency of the evidence across studies while considering the heterogeneity of the studies. interchange* or switch* or transition* or substitute* or exchang* or replac* or crossover or alternat* or conversion or convert*; nocebo or ''non immunogenic*'' or nonimmunogenic* or nonmedical or ''non medical''; humira or adalimumab or remicade or infliximab or Enbrel or etanercept or simponi or golimumab or cimzia or certolizumab; ''tum*r necrosis factor blocker'' or ''tnf alpha blockade'' or ''anti tnf agent*''. Full search terms and strategy are listed in Table S2 . The search was limited to English language, humans and publication dates from 1 January 2012 to 14 February 2018. All search results were manually screened by two reviewers for eligibility and to exclude duplicates and ineligible studies ( Fig. 1 ). Full texts of all identified publications were further manually screened, and only studies that reported switching from an originator TNF inhibitor to its biosimilar were included. A congress abstract was excluded if the included data had been published in a full-length article by 14 February 2018. Bibliographies of the identified studies were also manually searched for additional publications that fit the eligibility criteria but had not been detected by the original search. The characteristics and design elements of each identified study were assessed and compared with the seven design elements of a robust switching study ( Table 2 ). In addition, patient discontinuation rates from each study were collected to assess the consistency of evidence across studies while taking into consideration the heterogeneity of the studies.
METHODS
For this publication, individual patient-level data were defined as individual data points that included, but were not limited to, immunogenicity markers that were separately reported for each individual participant in the publication of a clinical study; data reported separately for each individual study participant may also have included, for example, demographic characteristics, efficacy outcomes, and/or laboratory test results. This article is based on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors.
RESULTS
The search identified 603 publications ( Fig. 1 ). Eight duplicate records were excluded, and eight publications were identified through other sources. The resulting 603 publications were manually screened for eligibility, of which 426 publications did not meet the inclusion criteria and were excluded. The full articles or congress abstracts of the remaining 177 publications were manually reviewed to identify studies that reported switching from an originator TNF inhibitor to its biosimilar. Of these, 79 were excluded (reasons: congress abstract had been published as a full article, n = 36; did not report non-medical switching data, n = 23; not relevant or more recent data are available from the study, n = 19; case study, n = 1), and the remaining 98 publications (corresponding to 91 studies) were included in this review ( Fig. 1 ) [14] [15] [16] [17] .
Randomized Controlled Trials
A total of 17 RCTs (20 publications) were included (Table 3 ) [16, [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] , of which 10 (59%) were in rheumatology, 4 (24%) in dermatology, 2 (12%) in gastroenterology, and 1 (6%) in multiple indications ( Fig. 2a ). Eight (47%) studies investigated a switch from originator infliximab to its biosimilar (CT-P13, SB2, or BOW015), seven (41%) studies from originator adalimumab to its biosimilar (ABP 501, SB5, BI 695501, GP2017, FKB327, or CHS-1420), and two (12%) studies from originator etanercept to its biosimilar (SB4 or GP2015). Follow- group underwent a sequence of three treatment switches at 6-week intervals i One patient who had been randomized to switch from infliximab originator to biosimilar CT-P13 withdrew consent and did not receive treatment; this patient was counted in neither the switch group nor among those who discontinued from the switch group presumably because consent withdrawal preceded treatment administration. Reported discontinuation rates correspond to the end of the 52-week main study, not the 78-week extension study j Infliximab originator to CT-P13, n = 55; CT-P13 to infliximab originator, up durations post switch ranged from 8 to 105 weeks ( Fig. 3a) . All studies included a comparison group, which, in 11 (65%) studies, consisted of randomized patients continuing treatment with the originator; in the remaining 6 (35%) studies, the control group consisted of biosimilar continuers. Overall, none of the studies fulfilled all the design elements for a robust switching study ( Table 4 and Fig. 4a ). Only two (12%) studies (NOR-SWITCH [16] and ARABESC-OLE [25]) met five of the seven design elements, and three (18%) studies (ADACCESS [22], EGALITY [31, 32], and ARABESC-OLE) included multiple switches. Furthermore, in all of the studies except NOR-SWITCH, ADACCESS, and EGAL-ITY, the switching component was part of the extension periods. In the three-period ADAC-CESS and EGALITY studies, the multiple switching phase (period 2) was preceded by a two-arm, head-to-head period (at the end of which the primary end points were assessed) and, after the last switch between treatments, concluded with a follow-up period. The singleswitch non-crossover NOR-SWITCH study was the only study powered to detect differences in the rate of disease worsening between the switch and control groups. However, because it assessed multiple indications, NOR-SWITCH was powered at a pooled, and not individual, indication level [16] . None of the RCTs have reported individual patient-level outcomes, and only three (18%) RCTs included follow-up periods of C 12 months' duration post switch (Table 4 and Fig. 4a ).
Real-World Evidence Studies
A total of 74 RWE studies (78 publications) were included (Table 5) [14, 15, 17, , of which 36 (49%) were in gastroenterology, 30 (41%) in rheumatology, 4 (5%) in dermatology, and 4 (5%) in multiple indications ( Fig. 2b ). Most studies (n = 64; 86%) investigated a switch from RCT randomized controlled trial, Rheum rheumatic diseases, RWE real-world evidence, TNF tumor necrosis factor. a Etanercept-biosimilar and infliximab-biosimilar aspects of the De Cock et al. [17] and Egeberg et al. [44] studies are each counted separately infliximab originator to its biosimilar, and only 12 (16%) studies investigated a switch from etanercept to its biosimilar (percentages do not add to 100% because 2 studies each reported data for both infliximab and etanercept) [17, 44] . As of 14 February 2018, no published RWE studies have investigated a non-medical switch from adalimumab originator to its biosimilars, likely because no adalimumab biosimilars were commercially available as of that date. A historical comparison cohort or a parallel control group consisting of patients who had continued originator therapy was included in only 12 (16%) studies (Tables 5, 6) , and 18 (24%) studies included a control group consisting of treatment-naive patients initiating biologic therapy with the biosimilar. Of the 72 studies that reported the number of patients who switched from originator to biosimilar, most (n = 52; 72%) were relatively small, with fewer than 100 patients who switched in each study.
Similar to the RCTs, and as anticipated, none of the RWE studies fulfilled all the design elements for a robust switching study (Tables 2, 6 ). All of the RWE studies investigated a single switch from originator therapy to its biosimilar, and none were randomized at the time of the switch (Fig. 4b ). However, 26 (35%) studies did report a switch-back from biosimilar to originator therapy among patients who had reported worsened outcomes or who had requested to switch back to the originator therapy for other reasons [15, 17, 41-43, 46, 48, 51, 52, 57, 58, 63, 71, 75, 77, 83, 86, 90-92, 95, 100, 103, 104, 113, 115] . Furthermore, most studies did not report whether they were powered to detect differences in efficacy or safety after the switch, although several multiple cohort studies did provide some statistical comparisons, albeit with divergent results [14, 44, 45, 51, 73, 88, 95, 99, 100, 115] . Twenty-five (34%) studies reported immunogenicity data, and three (4%) studies reported individual patient-level immunogenicity outcomes. In the 65 (88%) studies that reported follow-up duration post switch, follow-up (Table 5 and Fig. 3b ), with only 21 studies (32%) following patients post switch for C 12 months (Table 6 ).
Discontinuation Rate Post Switch in Randomized Controlled Trials
Of the 17 RCTs, discontinuation rates were reported for 12 (71%) studies ( Fig. 5 ). Overall discontinuation rates ranged from 5% to 33% in the switch groups and from 4% to 18% in the comparison groups (Table 3 ). In general, discontinuation rates were divergent; they were slightly numerically higher among the switchers in some studies and higher in the control group in other studies. Most notably, the discontinuation rate demonstrated for the switch group in the Tanaka et al. study (33%) was considerably higher than that for the continuers group (16%) [37] .
Discontinuation Rate Post Switch in Real-World Evidence Studies
In the 74 RWE studies, discontinuation rates in the switch groups showed greater variation compared with those rates in the RCTs, ranging from 0% to 87% in the infliximab studies and from 8% to 17% in the etanercept studies ( Table 5 and Fig. 6 ). Discontinuation rates were similarly variable across studies regardless of the patient population (gastroenterology, 0-50%; rheumatology, 3-87%). Only 8 (11%) studies (5 in rheumatologic conditions, 2 in IBDs, and 1 in multiple indications) compared overall raw discontinuation rates between the switch group and the historical/parallel originator continuer group, with divergent results [14, 15, 51, 71, 88, 95, 100, 115] . In three studies, discontinuation rates were slightly numerically lower for continuers versus switchers (8% vs. 10% [51] , 14% vs. 16% [14] , Fig. 4 Fulfillment of the seven switching study design elements in published RCTs and RWE studies reporting non-medical switching from TNF inhibitor originator to biosimilar. RCT randomized controlled trial, RWE realworld evidence, TNF tumor necrosis factor. a Etanerceptbiosimilar and infliximab-biosimilar aspects of the De Cock et al. [17] and Egeberg et al. [44] studies are each counted separately. b Refers only to originator continuers. c Powered at pooled, but not at individual, indication level for disease worsening. d Individual patient-level data defined as individual data points that included, but were not limited to, immunogenicity markers that were separately reported for each individual participant in the publication of a clinical study; data reported separately for each individual study participant may also have included, for example, demographic characteristics, efficacy outcomes, and/or laboratory test results. e Excludes any comparison group consisting of naive patients or patients previously treated with other biologics and 26% vs. 29% [100] , respectively), whereas in one study discontinuation rates were slightly numerically higher for continuers versus switchers (14% vs. 8% [88] ). In contrast, in four studies, the differences between the continuer and switcher groups were more pronounced (34% vs. 87% [71] , 2 vs. 13 per 1000 patientyears [95] , 5% vs. 24% [15] , and 38% vs. 82% [115] ). In three studies, hazard ratios showed that patients who switched from an originator to its biosimilar were significantly more likely to discontinue treatment than the historical/parallel continuer cohorts [14, 51, 95] , whereas similar analyses in two studies showed no significant differences (Table 5 ) [44, 100] . Similarly, only six (8%) studies compared overall discontinuation rates between switch and treatment-naive groups [72, 81, 82, 87, 89, 101] . In three studies, rates were higher for the naive group versus switchers (23% vs. 17% [82] , 11% vs. 5% [89] , and 24% vs. 9% [101] ), whereas in two studies rates were lower for the naive group versus switchers and differences between the groups were more pronounced (3% vs. 33% [72] and 0% vs. 11% [87] ); however, the numbers of patients in these studies were small ( Table 5 ). In one study, discontinuation rates were 0% for both groups [81] .
DISCUSSION
This systematic review assessed the robustness and conclusiveness of the current evidence of non-medical switching from an originator TNF inhibitor to its biosimilar as reported in RCTs and RWE studies published between 1 January 2012 and 14 February 2018. The results of this review confirm that, when assessing the totality of the evidence, no single non-medical switching RCT or RWE study has been identified in which all seven key design elements of a robust switching study have been comprehensively incorporated and analyzed. Furthermore, among the 91 studies (98 publications) identified, discontinuation rates varied widely, suggesting that the current evidence is inconclusive and that more data from properly designed studies are needed to bridge the knowledge gap. Switching from originator biologic therapies to their biosimilars is becoming more attractive because of the potential cost savings [3, 4] . However, caution is needed when switching patients who are stable on their current therapy. A recent systematic review of 29 US-based studies (each C 25 patients) examining a total of 253,795 patients treated with a variety of medications (e.g., TNF inhibitors, antihypertensives, antidepressants, insulin, and statins) demonstrated that negative or neutral effects were more commonly associated with nonmedical switching than positive effects [116] , an observation that was especially apparent among stable patients with well-controlled disease. Thus, more robust studies are needed to assess the outcomes of non-medical switching, particularly on an individual patient level. The results of this systematic review support this concept and demonstrate that the current evidence on the safety and efficacy of non-medical switching from the originator biologic to its biosimilar is inconclusive and inconsistent. In general, non-medical switching evidence should come from long-term, randomized, controlled, adequately powered studies that use multiple switches between the originator and its biosimilar ( Table 2) [3, 10] . In addition to safety and efficacy outcomes, these studies should collect immunogenicity and individual patientlevel outcomes.
Although the RCTs and RWE studies conducted to date fulfill some of these requirements and provide valuable information on safety and efficacy consequences after nonmedical switching, several additional factors need to be considered when analyzing the totality of the evidence. First, although most of the identified RCTs were powered to detect differences in efficacy and safety during the head-to-head comparison phase of originator versus biosimilar, none were powered to detect these differences after the switch from originator to biosimilar. The only exception to this was the NOR-SWITCH study, which, as highlighted above, was powered at a pooled, but not individual, indication level to compare rates of disease worsening between switchers and continuers [16] ; in addition to the pooling of indications, the NOR-SWITCH study had several other important methodologic limitations that have been examined elsewhere [19] . Second, although all RCTs included a comparison group, only 11 (65%) studies followed a group of randomized patients continuing on the originator [16, 22, 23, 25-29, 31-34, 36, 39] , and only 3 (18%) studies (ADACCESS [22], EGALITY [31, 32] , and ARABESC-OLE [25]) investigated multiple switches between the originator and its biosimilar. Finally, the current publications for most of the RCTs lacked long-term follow-up data and all lacked individual patient-level data.
At the time of this review, the bulk of the non-medical switching evidence comes from RWE studies (particularly among patients switching from infliximab originator to biosimilar) and, although they play an important role in the continuous evaluation of therapies such as biosimilars, RWE studies should not supersede well-designed RCTs in the investigation of non-medical switching from an originator to its biosimilar [3, 10, 117] . Similar to the RCTs and as anticipated, none of the currently published RWE studies met all of the design elements for a robust switching study; the patient populations were generally small and widely heterogeneous, the follow-up periods were mostly short, and most studies lacked control groups and immunogenicity and/or individual patient-level analyses. Furthermore, although some of the multiple-cohort RWE studies provided some statistical comparisons [14, 44, 45, 51, 73, 88, 95, 99, 100, 115] , none of them were powered to detect differences in efficacy or safety after the switch.
The diverse outcomes observed across the RCTs and RWE studies are most likely a consequence of the variability of the study designs as well as a lack of the seven key design elements. Control group consisted of naive patients (defined as those who received induction therapy with the biosimilar regardless of previous treatment history, including biologic naive, TNF-inhibitor naive, and others who may have been previously treated with TNF inhibitors and/or originator product). c Control group consisted of originator continuers. d Control group consisted of historical cohort. e The authors are unclear which of the two discontinuation rates (19% or 34%) listed by the publication for the originator continuer control group was accurate This was evident in particular across the RWE studies that included elements such as grouping of indications, enrolling heterogeneous patient populations that varied in duration of disease and time on current therapy, and mixing treatment-naive and stable patient populations while lacking other elements such as defining disease stability pre-switch, identifying concomitant medications pre-and post switch, and describing dose intensification details post switch. These are typical characteristics for RWE studies; however, because of the heterogeneous results across the studies, the data need to be assessed with caution, especially for decisionmaking purposes.
To assess the consistency of the current nonmedical switching data across studies, we examined the post-switch rates of therapy discontinuation across studies. Discontinuation data can provide a marker of treatment efficacy and tolerability and can also provide insight into clinical and patient-reported consequences of non-medical switching [118] . The overall discontinuation rates in the RCTs ranged from 5% to 33% in the switch groups, with even larger variation noted among the RWE studies (0-87%). This high level of variation is concerning, especially when considering that some studies included non-medically switched patients with chronic diseases who may have been in long-term disease remission before the switch. Although discontinuation rates were the only outcome examined here, outcomes reported by the RCTs are also limited in that they did not perform statistical analyses on switch groups. Of the RCT non-medical switching studies published to date, only ADACCESS, EGALITY, and NOR-SWITCH performed statistical analyses on switch groups rather than simply reporting descriptive numerical data. Future studies should evaluate in more detail the specific reasons for, as well as consequences of, therapy discontinuation following a nonmedical switch from an originator to its biosimilar.
As the US regulatory guidance currently stands, FDA approvals of biosimilars are entirely based on head-to-head trials versus the originator. However, depending on the clinical experience, additional evaluation(s) may be needed in certain patient subgroups to assess potential risks in terms of immunogenicity, hypersensitivity, or other reactions that may arise following a single switch from originator to the proposed biosimilar product [119] . Therefore, owing to the limited, inconclusive, and heterogeneous nature of the currently available data, non-medical switching from an originator to a biosimilar not designated as interchangeable in the USA should be an evidence-based decision made between the physician and the patient [120] . Currently, no biosimilar has yet been deemed interchangeable with its originator product in the USA [11] , but this may change in the future and at least one trial with the apparent objective of demonstrating interchangeability with the originator adalimumab has already commenced: the VOLTAIRE-X study with BI 695501 [121, 122] .
Based on the current literature, the amount of data describing switching from infliximab to CT-P13 by far outweighs the amount of data for any other originator-biosimilar pair, but it is important to note that these data should not be transferred to other biosimilars. With increasing numbers of biosimilars coming to market for each originator product, it is likely that switching will also occur between multiple biosimilars of the same originator product and that individual patients will experience multiple switches. Because biosimilars are evaluated against the originator product but not against other biosimilars, any similarity between two biosimilars of the same originator product is unknown [123] . Currently, and to the best of the authors' knowledge, no studies have been published that primarily examine the consequences of switching between different biosimilars of the same originator product. Furthermore, none of the RWE studies published to date have examined multiple switches between an originator and its biosimilar. Therefore, further research is needed to evaluate patient efficacy, safety, and immunogenicity after multiple switches or when switching between different individual biosimilars of the same originator. These data should come from well-controlled clinical trials, as suggested by the FDA, and not solely from registry studies [117] .
In this systematic review, the use of discontinuation rates as an outcome, especially in the RWE studies, is limited by the fact that discontinuation rates are cumulative and all of the RWE studies varied in length. Other limitations included potential publication bias, limited focus on secondary outcomes that were included in some trials (such as quality-of-life assessments), and variability in the methodology used by individual studies. In addition, many of the studies were descriptive in nature and were not powered or designed to detect differences post switch; as a result, it was not possible to pool the studies for a meta-analysis of either safety or efficacy end points. Finally, the proposed benchmark of seven key study design elements is limited by having been derived from regulatory requirements and expert opinion rather than all possible elements of study design that might have bearing on non-medical switching, for reasons of practicality.
CONCLUSIONS
Based on the totality of the published data and the prevailing evidence gaps, conclusive safety and efficacy of non-medical switching from an originator TNF inhibitor therapy to its biosimilar has yet to be fully demonstrated. To properly assess the safety and efficacy of non-medical switching, future studies should incorporate all of the seven key study design elements discussed in this review. Furthermore, systematic collection of switching data using validated registries and medical records is essential to gather the totality of clinical evidence needed to inform clinical decision-making on the safety and efficacy of non-medical switching from an originator to a biosimilar. In parallel, continued pharmacovigilance is important to identify and monitor rare and long-term safety events. Overall, in patients who are doing well on their current biologic treatment, such as TNF inhibitors, switching for non-medical reasons should be approached with caution, as data describing non-medical switching for currently marketed biosimilars are not robust and are inconclusive regarding any potential impact on efficacy, safety, and immunogenicity, particularly at the individual patient level. Decisions to switch should remain between the treating physician and the patient and be made on a case-by-case basis relying on scientific evidence.
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